Abstract-The thermal motion in PVC based systems is treated as the superposition of acoustic waves and thermal fluctuations related to local changes in temperature. The role of these components in the energy exchange processes of the composites is ascertained. The effect of nanodispersed metal fillers on the relax ation behavior of PVC is discussed.
INTRODUCTION
One of the main issues of the dynamics of structural elements of flexible chain polymer systems is to ascer tain the principle of their motion in space and time with allowance for an internal field that serves simul taneously as a cause and consequence of the distribu tion and interrelationship between the structural ele ments [1] . In early theoretical studies of this problem [2, 3] , one dimensional models with positive anhar monicity in which only longitudinal shifts of chain atoms were taken into account were considered. As a consequence, there are dynamically stable pressure waves, which are ultrasonic excitations of the nonlin ear medium. Further studies of two and three dimen sional models showed that the geometry of this system leads to the appearance of an effective negative anhar monicity. Therefore, energy exchange processes may occur in flexible chain polymers via thermal conduc tion in the case of a plane zigzag valid, for example, for PVC macromolecules [4] .
It turned out that the role of nonlinear elementary excitations is now played not by local pressure excita tions but by energetically excited structural elements involved in extension. Their existence is related to the geometric nonlinearity of the trans zigzag, which is absent in the case of the longitudinal dynamics of lin ear chains, rather than to its physical nonlinearity. Note that intermolecular interaction is like a weak excitation. However, in real systems, the vibration spectrum of structural elements is complicated because the existence of intramolecular interaction [5] , the flexibility of chains [6] , the deformation of valence angles [7] , and other factors should be addi tionally taken into consideration. For example, near glass transition temperature T g , motion may manifest itself in the following ways: as the mobility of Gaussian subchains at scales longer than the Kuhn segment [8] , as mobility of chain fragments with flexural stiffness at scales shorter than the Kuhn segment [9] , and as small torsional vibrations of units [10] related to the evolu tion of structural fluctuations with time [11] . Note that various kinds of mobility of structural elements may appear and transform at the same time and the contri butions of these factors do not necessarily obey the additivity rule [12] . This circumstance complicates the calculation of the final effect and has necessitated a search for new model and mathematical approaches.
The first studies on the mechanisms of heat transfer in dielectrics, among which are the majority of organic polymers, were performed by Debye, Peierls, Eier man, and Klemens [13] . For example, in terms of the Debye theory, thermal motion is a superposition of harmonic vibrations propagating in the form of elastic or "acoustic" waves [2] . However, this approach disre gards nonlinear effects that lead to the exchange of energy between various kinds of vibrations [10] and to the appearance of fluctuations that cause local and translational changes in the properties of a body [14] . In the case of a viscoelastic body, this effect is reduced to longitudinal elastic fluctuations and entails changes in density ρ, pressure р, and transverse shear [15] .
However, this approach to the analysis of thermal motion disregards fluctuations of temperature Т that are related to change in ρ or Т. It is significant that these fluctuations of V cannot be taken into account within the framework of the Debye theory, because this theory assumes a purely mechanical description of thermal motion. In order not to complicate this approach owing to consideration of anharmonic effects of vibrations of structural elements, an expres sion for the free energy of the body treating the fre POLYMER SCIENCE Series A Vol. 57
No. 2 2015 quency of vibrations as a function of its volume V and shape was derived [12] . This makes it possible to replace the volume with pressure and, at the same time, to introduce temperature and to represent the frequency of vibrations as a function of the two latter parameters. Hence, thermal motion in a gel may be treated as the superposition of mechanical (elastic) fluctuations in the form of acoustic waves and thermal fluctuations related to local fluctuations of tempera ture that cannot propagate in the form of waves. Therefore, the goal of this study (with allowance for the fact that the values of ΔТ, Δр, and/or Δρ do not propagate in the body similarly to elastic waves, but remain immobile in space and serve as the source of heat) is to determine the contribution of thermal fluc tuations related to the action of mechanical vibrations of ultrasonic frequencies to thermal conductivity λ and heat capacity С р of the modified poly(vinyl chlo ride). The choice of PVC as a research object is related to the fact that, in the 21st century, more than 40% of the world production of plastics is based on this poly mer and that the scope of applications of PVC is wide and has shown a tendency toward steady expansion [16] .
MODEL, GENERAL CHARACTERISTICS, AND BASIC TERMS
The choice of the model for PVC is determined by its structural features [13] . As a typical representative of linear polymers, it is characterized by the presence of intrachain and interchain interactions [17] . Intrachain bonds have lengths of l 1 = 1.54 × 10 -10 m, and inter chain bonds have lengths of l 2 = (3.0-4.0) × 10 -10 m. As regards bond energies, the interactions are like wise different: U 1 = 412 kJ/mol and U 2 = 41 kJ/mol [16] . Note that there are no models able to unambig uously describe the structure of amorphous PVC. In some cases, it was proposed [14] that PVC is a struc turally heterogeneous body with heterogeneity sizes on the order of (1-10) × 10 -10 m and having a fluctu ating character rather than a phasic character. All these circumstances present difficulties in gaining insight into the mechanism of structural rearrange ments in PVC.
An analysis of the relaxation spectra of PVC shows [18] that it contains microblocks or supernetworks with finite lifetimes τ і and that macromolecules occur in conformations of undisturbed coils. Microblocks may exist for a sufficiently long time, and macromole cules in various temperature ranges manifest a variety of types of mobility. With consideration for the fact that the turning of structural elements is the main form of thermal motion of macromolecular chains, chains occur in the conformation of a disordered coil in accordance with the macroscopic model [5] . The real conformation of flexible chain macromolecules is the statistical coil.
In experiments, PVC of the KSR 676 brand with М = 1.4 × 10 5 was used; the undisturbed coil of this polymer sample is spherical, its diameter is equal to the end to end distance 〈h 0 〉 = 43 × 10 -9 m [19] , and its volume is V 0 = 3.98 × 10 -23 m 3 at a gyration radius of 〈R 0 〉 = 18 × 10 -9 m. Because R 0 L (where L = l 1 N is the contour length, and N is the number of carboncarbon bonds), PVC molecules are strongly folded, feature a complex structure [18] , and are characterized by the hierarchy of configuration levels [19] .
Note that a structural element implies a character istic particle that with a large set of similar particles forms a corresponding subsystem, that is, the level of structural organization. Chain units are structural ele ments of macromolecules.
Let us introduce micro Brownian motion, in which all atoms or atomic groups of a macromolecule are involved, as a complex vibrational motion ana lyzed via expansion in a Fourier series. Individual har monics are related to real structural relaxator elements that differ from oscillators in the classical Fourier analysis in that they possess not only the vibrational characteristic (frequency ω or period t) describing their rotation or their translation but also intrinsic life time τ і . PVC macromolecules should be separated in a peculiar subsystem because their properties, to which the terms thermodynamics and statistics of small systems [20] may be applied, make it possible to treat the poly mer state as a special form of substance condensation and, hence, the properties of macromolecules ("struc tural" information encoded in them) are transferred through all subsequent levels of the supramolecular organization of polymers [21] .
It is significant that the elementary motion of a coarse relaxator (segment) consists of the elementary turning of smaller unit relaxators. In addition, the macromolecule changes its conformation under the action of an external force functioning as an "arrow of action" [21] . From this, the idea îf the kinetic flexibil ity of macromolecules follows [5] . Let us extend the above concepts about relaxators and the formalism related to relaxation spectra [18] and the external effect on the system with the help of force and/or energy fields [22] to polymer heterogeneous systems. In this case, the fluctuation structures of PVC are ther modynamically unstable and characterized by finite lifetime τ і longer than the time of action of ultrasonic vibrations. The intrinsic lifetime τ і is the direct mea sure of the kinetic stability of fluctuation structures. Thus, the amorphous flexible chain PVC in the con densed state can form fluctuation structures with higher or lower kinetic stability solely. For the corre sponding states of the polymer, the term relaxation state was advanced [22] ; in accordance with the Bolt zmann principle [20] , this state may be presented as a Ӷ
